The constituents of walnut (Juglans regia L.) leaves are represented by tannins, phenolics, and naphthoquinones, the characteristic compound being juglone. The content of juglone in the methanolic extract of the leaves determined by the GC/MS method was 9.90.2 mg/100 g; small amounts (1.30.02 mg/100 g) were recorded in the infusion, whereas in the decoction it was not detected. As some studies indicate toxicity of juglone, only decoctions should be recommended for therapeutic use.
Walnut leaves have been used in folk medicine externally as an astringent, anti-inflammatory and antiseptic remedy against pharyngitis, skin diseases such as acne, eczema, herpes, excessive perspiration of hands and feet, to reduce swelling associated with varicose veins, and to remove warts and pimples, as well as orally for gastrointestinal tract catarrhs and in diarrhea [7] [8] .
The antimicrobial activity of J. regia leaf extracts against Grampositive and Gram-negative bacteria and fungi has been reported, as well as antioxidant, anti-hemolytic and anti-proliferative effects against human renal cancer cell lines [3, [9] [10] [11] [12] ]. Significant antidiabetic effects were observed, as well as sedative, antinociceptive, antiamyloidogenic and anti-inflammatory activities [13] [14] [15] [16] . An ethanolic extract of walnut leaves inhibited tyrosinase activity, probably due to its ellagic acid content, and, therefore, the extract could be used as an ingredient of preparations to treat hyperpigmentation [17] .
Juglone possesses cytotoxic activity on various cancer cell lines. It decreased the incidence of tumors in the small intestine of rats after administration of the carcinogen azoxymethane [12, [18] [19] [20] . Juglone also exhibited antimutagenic activity in a test with Salmonella typhimurium, and did not cause skin tumors in mice, but promoted them after pretreatment with a sub-carcinogenic dose of dimethylbenzene anthracene, followed by its dermal application for a year [21] .
The German Commission E and EMEA recommend decoctions of J. regia leaves only for external use, but have not approved the preparations of walnut shells, because chronic daily topical use increased the incidence of cancer of the tongue and leukoplakia of the lips [22, 23] . EFSA, due to the presence of juglone, include J. regia (with the exception of the nuts) in the 1A category of plants containing toxic substances [24] , but its toxicity and acceptable level of exposure have not yet been established [25] . So far, no tests have been conducted proving the content of juglone in the water extracts recommended for medicinal use. The absorption of juglone in tissues, due to its lipophilicity, is less than 20% of the dermal and approximately 40-50% of an oral dose. Juglone is excreted in feces and urine within 24 h, with only 1-3% remaining in the tissues, mainly in the kidneys for all dosing routes [26] .
The aim of this study was the development of a GC/MS method for juglone determination and quantification in different walnut extracts. We examined the content of juglone in methanolic extracts of fresh leaves collected in June and September, from dry leaves (commercial sample), and in water extracts of dry leaves (infusion and decoctions). Since it is assumed that juglone arises from its precursors, we established the content of juglone in extracts prepared in the environment similar to that present in either the stomach or on the skin surface of the human body by addition of HCl to either pH = 2.0 or pH = 4.0 We investigated also if juglone may be released from either precursors or from linked forms, such as glycosides.
Method's validation:
In order to validate the developed GC-MS protocol the following parameters were taken into account: selectivity, linearity, precision and accuracy. The obtained validation results are summarized in Table 1 . A high value for the correlation coefficient (r = 0.999) indicated a strong linear relationship between the measured signal and the corresponding concentration of the analyzed compound. The average recovery obtained in intra-day and inter-day analysis was 99.7% and 100.4% respectively and the coefficient of variation was less than 1.40% suggesting a good precision and accuracy of the method. The chromatographic system employed allowed complete separation of juglone and its products, confirming the method's good selectivity. A well-resolved, sharp peak for juglone was observed with a retention time t R = 13.150 min.
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Determination of juglone:
Preliminary phytochemical tests (TLC analysis) performed on the extracts showed the presence of juglone only in the methanolic walnut extracts (samples 1, 2, 3) .
The juglone content in samples 1-10 was determined using the GC/MS method. The content of juglone in the methanolic extracts of the fresh leaves collected in June (sample 1) was greater (0.022%) than that from those collected in September (0.010%, sample 2), whereas in the methanolic extract of the dry sample there was only 0.0099% (sample 3). The content of juglone in the water extracts obtained from dry leaves was either lower or lacking. The infusion (sample 4) contained a small, but detectable amount of juglone (about 0.001%), whereas in the decoctions (samples 5 and 6) juglone was not detected, even in those prepared with the addition of hydrochloric acid to either pH = 2.0 or pH = 4.0 (an environment simulating the stomach or skin surface (samples 7 and  8) . The presence of trace amounts of juglone only after acid hydrolysis was confirmed. When dry leaves were extracted with an aqueous solution of HCl (pH = 2.0) by boiling in a water bath for 5 min (sample 9), 0.0005% of juglone was detected; furthermore, its content increased to 0.0029% after an extended period of heating for 30 min (sample 10). Detection of juglone after acid hydrolysis indicates than it may be released from either the same precursors or from linked forms e.g. glycosides. The results are listed in Table 2 .
Because of its suggested toxicity we conclude that limitation of the amount of juglone can be obtained by selection of an appropriate formulation. Thus the decoction, which is free of juglone, is suitable for medicinal use.
The GC/MS method presented here for the identification and determination of juglone is simple and accurate and can be used instead of the previously proposed spectrophotometric and HPLC methods [27] [28] [29] [30] . Leave samples no 1: fresh (June); 2: fresh (September); 3-10 dry (commercial samples); RSD (Relative Standard Deviation); nd -not detectable, limit of detection 0.3µg/mL. (samples 1-10 ) for TLC analysis: Fresh (5 g) and dry leaves (1 g) were crushed and extracted separately with 50 mL of either MeOH or boiling water and shaken mechanically for 30 min. The extracts were filtered into 50 mL volumetric flasks, whereas water extracts were filtered and extracted with CHCl 3 (2 x 25 mL); chloroform layers were put into 50 mL volumetric flasks.
Preparation of the extracts
Validation of GC-MS method:
The GC-MS method was validated according to the International Conference on Harmonization Guidelines [31] .
Linearity: Solutions at the following concentrations: 5, 10, 30, 50, 70, 100 g/mL were prepared by diluting the stock solution with methanol. Each solution was immediately injected onto the chromatographic column. The analysis was performed in triplicate to allow statistical evaluation. The juglone peak areas (p i ) were measured and plotted against the corresponding juglone concentrations to obtain the calibration curve: p i = f(c); where: p i is the area of the juglone signal, and c is concentration. The appropriate regression equation was computed using the least square method (Table 1) .
Precision and accuracy:
The precision of an analytical method is usually expressed as the coefficient of variation (CV) of replicate measurements and its accuracy is calculated as a percentage of the analyte recovery. The intra-day precision and accuracy were investigated by the analysis of 8 samples of juglone at the concentration of 10 g/mL. Sample-to-sample variability was assayed by analysis of 8 samples of juglone at a concentration of 50 g/mL performed on 2 different days over a period of a week.
TLC analyses of the extracts:
Juglone (0.1% methanolic solution) and the obtained extracts (10 L) were applied to the chromatographic plates (TLC, mobile phase: toluene-ethyl formate 9:1). Juglone appeared as a spot with yellow-orange fluorescence at UV 366 nm and a red-violet zone after spraying with 10 M NaOH in daylight.
GC/MS analyses of the extracts:
GC-MS analysis for juglone was performed on a Varian GC gas chromatograph coupled with a Varian 4000 mass spectrometer (with ion trap mass selective detector). A capillary column VF-5ms (5% phenyl, 95% dimethylpolysiloxane) of 30 m × 0.25 mm ID DF = 0.25 film thickness (Varian Technologies, USA) was used for the separation and determination of juglone. The oven temperature was initially maintained at 40°C for 3 min, increased at 15°C/min to 280°C (held for 15 min). The split ratio was 1:10, and helium was used as a carrier gas at a flow rate of 1.0 mL/min in constant flow mode. The injector and detector temperatures were 250°C. The mass spectrometer was operated in the electron impact (EI) mode at 70 eV in the scan range of 40-400 m/z. The injection sample volume was 1μL.
